are calculated by the multiconfiguration Dirac-Hartree-Fock and relativistic configuration-interaction methods. For Hg + , the configuration is 5d 9 6s 2 . For the other ions, the configuration consists of a single d-electron outside a set of closed shells. Current interest in the quadrupole moments of these states is due to the fact that optical transitions of these ions may be useful as references for frequency standards. Energy shifts of the metastable states due to the interactions of the quadrupole moments with external electric field gradients are among the largest sources of error in these frequency standards. For the quadrupole moments, agreement is obtained to within about 10% with the available measurements. For the hyperfine constants, good agreement is obtained with measurements and with other calculations, except for the A factors of the 2 D 5/2 states of Sr + , Ba + , and Yb + , where the correlation effects are so large that they reverse the sign of the constant relative to the Dirac-Hartree-Fock value. As a test of the Hg + calculational methods, quadrupole moments and hyperfine constants are calculated for the 5d 9 6s 2 2 D 3/2,5/2 states in isoelectronic neutral Au. This yields a value of the nuclear quadrupole moment Q͑ 197 Au͒ = + 0.587͑29͒ b.
I. INTRODUCTION
The electric quadrupole moment ⌰͑␥ , J͒ of an atom in electronic state ͉␥J͘ having total electronic angular momentum J is conventionally defined by the diagonal matrix element in the sublevel with the maximum value of the magnetic quantum number M J :
where e is the elementary charge, r i is the radial coordinate of the ith electron, C 0 2 is a spherical harmonic, i and i are the angular coordinates of the ith electron, and the summation is over all N electrons.
In comparison with other atomic properties, such as oscillator strengths or hyperfine constants, atomic quadrupole moments have received little theoretical attention, due in part to the lack of experimental data. Only a few atomic quadrupole moments have been measured, and most of the theoretical work appears to have been focused on these cases.
The quadrupole moments of the 3p 2 P 3/2 state of Al, the 5p 2 P 3/2 state of In, and the metastable np 5 ͑n +1͒s 3 P 2 states of Ne, Ar, Kr, and Xe ͑n = 2, 3, 4, and 5, respectively͒ were measured by atomic beam radio frequency spectroscopy ͓1,2͔. In these experiments, energy level shifts were observed upon application of an external electric field gradient. The quadrupole moments of the 4 3 P and 5 3 P excited states of He were determined indirectly from measurements of the anisotropy of the diamagnetic susceptibility ͓3,4͔. Since the quadrupole moment of the ionic core influences the finestructure of nonpenetrating Rydberg states, it is possible to extract the quadrupole moment of the ion from an analysis of the Rydberg spectrum of the neutral atom ͓5͔. The quadrupole moments of several atomic ions, including C + ͓5,6͔, Ne + ͓5-9͔, and N + ͓5,10͔, have been determined in this way. Current interest in the quadrupole moments of the metastable states of certain atomic ions stems from the application of narrow optical transitions to frequency standards ͓11͔. For several ions that might be used for frequency standards, including Ca + , Sr + , Ba + , Yb + , and Hg + , the energy shifts due to the interaction of the quadrupole moments of the metastable states with stray electric field gradients, due, for example, to stray electric charges on ion trap electrodes, are among the largest sources of systematic error. This problem was pointed out by Dehmelt ͓12͔. In practice, it does not affect neutral-atom optical frequency standards to the same extent because of the absence of nearby charged objects. Recently, the quadrupole moments of the 4d 2 D 5/2 state of Sr + ͓13͔, the 5d 2 D 3/2 state of Yb + ͓14͔, and the 5d 9 6s 2 2 D 5/2 state of Hg + ͓15͔ were determined by observing the changes in the optical transition frequencies as static electric field gradients were applied.
In a first approximation, the metastable nd 2 D 3/2,5/2 states of Ca + , Sr + , Ba + , and Yb + ͑n = 3, 4, 5, and 5, respectively͒ are described by a single configuration involving one d-electron outside a set of filled shells or, in the case of Hg + and isoelectronic Au, a single d-vacancy in a set of otherwise filled shells. In this approximation, the quadrupole moment is due entirely to the single d-electron or d-vacancy. A singleconfiguration estimate of the quadrupole moment of the 5d 9 6s 2 2 D 5/2 state of Hg + was published in Ref. ͓16͔ . However, electron correlation effects can in some cases lead to large corrections to the single-configuration estimates for the quadrupole moments. For example, the metastable 3 P 2 states of the rare gases Ne, Ar, Kr, and Xe are known to have quadrupole moments that deviate strongly from the singleconfiguration values ͓2͔. For Kr and Xe, even the signs of the *Email address: itano@boulder.nist.gov quadrupole moments differ from the single-configuration predictions.
Sternheimer obtained good agreement with experiment for the rare gas quadrupole moments with a perturbative model in which the outer ͑n +1͒s orbital is polarized by the np vacancy ͓17,18͔. Although Sternheimer's results were in good agreement with experiment, Sundholm and Olsen regarded this agreement as fortuitous, particularly for Xe ͓19͔. For Xe, they showed that the DTQ electron correlation contribution ͑due to double, triple, and quadruple excitations from the 5p and 6s shells͒, relativistic corrections, and excitations to virtual f and g orbitals all make contributions to the quadrupole moment of about the same magnitude as the total moment. None of these effects are included in Sternheimer's treatment. Sundholm In this work, I apply the multiconfiguration DiracHartree-Fock ͑MCDHF͒ method, i.e., the relativistic generalization of the MCHF method. In the final stages of the calculations, relativistic configuration-interaction ͑RCI͒ calculations are carried out, using the orbitals determined by MCDHF. This method of computing the atomic wave function is similar to that used by Bieroń and co-workers to calculate atomic hyperfine constants ͓27͔. MCDHF appears not to have been applied previously to the calculation of atomic quadrupole moments. It has the advantage of taking relativity into account from the start, rather than as a correction applied at the end of the calculation, as is done with the MCHF method ͓19͔. This is especially important for heavy atoms such as Yb + and Hg + . Some preliminary results have been published ͓15͔. In addition, the magnetic dipole ͑A͒ and electric quadrupole ͑B͒ hyperfine constants are calculated and compared with experiment, as an indication of the quality of the wave functions. The calculation for Hg + was more complex than for the other ions because of the presence of the open d-shell. Also, there are few measurements of the hyperfine constants of the 5d 9 6s 2 2 D 3/2,5/2 states. For this reason, equivalent calculations were made for Au, which is isoelectronic to Hg + , and for which the A and B hyperfine constants have been measured for both fine-structure states ͓28,29͔.
II. METHODS

A. Single-configuration estimates of the quadrupole moment
In a single-configuration Hartree-Fock ͑HF͒ or DiracHartree-Fock ͑DHF͒ approximation, ⌰͑␥ , J͒ depends only on the mean values of r 2 for the electrons which are not in closed shells. For a configuration consisting of a single nd-electron outside a set of filled shells, the electric quadrupole moments for the J =3/2 and J =5/2 states are ⌰͑nd,3/2͒ = e 5 ͗nd 3/2 ͉r 2 ͉nd 3/2 ͘, ͑2a͒
⌰͑nd,5/2͒ = 2e 7 ͗nd 5/2 ͉r 2 ͉nd 5/2 ͘. ͑2b͒
For a nd 9 nЈs 2 configuration as in Hg + , Eqs. ͑2a͒ and ͑2b͒ hold with a change of sign because the electric quadrupole moment is due to a single vacancy in an otherwise filled shell rather than to a single electron. In the nonrelativistic HartreeFock approximation, ͗nd j ͉r 2 ͉nd j ͘ does not depend on j. Several estimates of ⌰͑␥ , J͒ based on Eqs. ͑2a͒ and ͑2b͒ have appeared in the literature ͓13,16,30,31͔. The radial matrix elements were estimated from Cowan's Hartree-Fock program ͓32͔ or from simple Coulombic wave functions.
B. Multiconfiguration Dirac-Hartree-Fock method
One method of obtaining an approximation to the relativistic atomic wave function is the MCDHF method ͓33͔. In the MCDHF method an atomic state function ͉⌫PJM J ͘ of parity P, electronic angular momentum J, and z-component of electronic angular momentum M J is taken to be a linear combination of relativistic configurational state functions ͑CSFs͒ ͉␥ k PJM J ͘:
where each CSF is a linear combination of antisymmetrized product wave functions ͑Slater determinants͒ such that the CSF has definite values of P, J, and M J . The CSFs differ from one another by the orbitals ͑single-electron radial functions͒ that are occupied and in the ways in which the angular momenta of the electrons are coupled together. In a MCDHF calculation, the atomic Hamiltonian is usually taken to be the Dirac-Coulomb Hamiltonian, which includes the kinetic energy of each electron and the Coulomb interactions of each electron with the nucleus and with the other electrons. Additional terms, such as the Breit interaction, may be included but increase the difficulty of the calculation. Solving the MCDHF equations then determines an approximate eigenfunction of the Dirac-Coulomb Hamiltonian having the form of Eq. ͑3͒ by optimizing both the orbitals and the coefficients c k .
Once a set of orbitals has been determined by MCDHF using a limited set of CSFs, the atomic state function can be improved by a RCI calculation, in which the Dirac-Coulomb Hamiltonian matrix ͑with or without the Breit interaction͒ is diagonalized in a basis consisting of an expanded set of CSFs. The CSFs are generated from the orbitals calculated in the previous steps. The result of an RCI calculation is an atomic state function having the form of Eq. ͑3͒, but only the coefficients and not the orbitals are optimized. Given an approximate atomic state function, obtained by either MCDHF or RCI, the atomic quadrupole moment can be calculated by evaluating Eq. ͑1͒.
C. Calculational details
In the present work, the MCDHF and RCI calculations were carried out with versions of the GRASP ͑general-purpose relativistic atomic structure program͒ code ͓34-36͔. Modules from the GRASP92 version, documented in Ref. ͓36͔ , and the GRASPVU version, available from a website ͓37͔, were used.
Successively improved approximations to the atomic state functions were made in three stages. First, the orbitals belonging to the shells that are occupied in the lowest-order approximation were calculated by minimizing an energy functional that weighted the 2 D 3/2 and 2 D 5/2 states by their statistical ͑2J +1͒ weights. This is called an extendedoptimal-level ͑EOL͒ calculation ͓35͔. For example, in the calculation for the Ca + 3d 2 D 3/2 and 3d 2 D 5/2 states, the 1s, 2s, 2p, 3s, 3p, and 3d orbitals were optimized. ͑Here, 2p refers to both the 2p 1/2 and 2p 3/2 orbitals, etc.͒ Orbitals belonging to the same angular momentum were required to be orthogonal. A Fermi model was used for the nuclear charge distribution. The Breit interaction, QED effects, and finite nuclear mass effects were ignored throughout the calculation.
In the second stage of the calculation, several layers of virtual orbitals were successively optimized in a series of MCDHF-EOL calculations. Each layer consisted of a set of orbitals having different angular momenta. All previously calculated orbitals were kept fixed, and only the new orbitals were optimized. Different orbitals of the same angular momentum were required to be orthogonal. A limited set of CSFs was considered. CSFs generated by allowing excitations of valence electrons, with or without single excitations of certain core shells, were included.
In the final stage of the calculation, the set of CSFs was systematically increased by allowing single excitations from lower-lying core shells with or without valence excitations ͑core-valence correlation͒ and double or triple excitations from some of the higher-lying core shells ͑core-core correlation͒ to unoccupied shells. RCI calculations were then carried out in the expanded basis of CSFs, using the orbitals determined in the previous stage. A practical limit to the number of CSFs in a single RCI calculation was somewhat above 45 000 for a single J-value. The general method is similar to that used by Bieroń et al. for the calculation of hyperfine constants of neutral mercury ͓27͔. At each step of the calculation, the hyperfine constants and atomic quadrupole moments were calculated. The program HFS92 ͓38͔ was used to calculate the A and B hyperfine constants. I made a minor modification to the B constant part of HFS92 to enable it to calculate atomic quadrupole moments. In some cases, core-valence contributions to the quadrupole moment and to the hyperfine constants from different core shells were calculated in separate RCI calculations and then combined, making use of the fact that such contributions are approximately additive.
Just before this paper was submitted for publication, the author learned of an error in the GRASP codes, specifically in the library function tnsrjj.f ͓39͔. The calculations were repeated with the corrected codes. In some cases, the values of the atomic quadrupole moments and the B factors calculated with the corrected codes differ by as much as a few percent from those calculated with the uncorrected codes. The values of the A factors are not affected to the same extent.
D. Nuclear models and moments
For each of the atoms studied, Ca + , Sr + , Ba + , Yb + , Hg + , and Au, a particular isotope was chosen to define the nuclear charge distribution ͑r͒ used for the Dirac-Coulomb Hamiltonian used for the MCDHF and RCI calculations. A Fermi distribution of the form Hg + were used. The nuclear magnetic moments are sufficiently wellknown that their uncertainties are likely to be much less than the errors in the atomic calculations for A. The values of the nuclear magnetic moments were taken from the tables of Raghavan ͓41͔. However, nuclear quadrupole moments ͑Q͒ are less well-known, since they are not measured directly. Nuclear quadrupole moments derived from interaction constants in atoms, molecules, or solids depend on difficult calculations of the electric field gradients at the nucleus. Values derived from muonic x-ray spectra are subject to other systematic errors. For example, some muonic determinations of the nuclear quadrupole moment of 201 Hg differ from each other by more than their combined uncertainties ͓27͔. The Q values used in these calculations are given in Table I . Most of the values were taken from the compilation of Pyykkö ͓42͔. It is a simple matter to rescale the B constants if better Q values become available.
III. RESULTS
A. Ca +
The results of the calculation for 43 Ca + are given in Table  II . DHF refers to a Dirac-Hartree-Fock EOL calculation. Five layers of virtual orbitals were optimized in a series of MCDHF-EOL calculations. All CSFs having the proper parity and total angular momentum that could be constructed by allowing single and double excitations from the valence 3d and the ͕2s ,2p ,3s ,3p͖ core shells, with at most one core excitation, were included. The orbitals in layers 1-5 were ͕4s ,4p ,4d ,4f ,5g ,6h͖, ͕5s ,5p ,5d ,5f ,6g͖, ͕6s ,6p ,6d ,6f͖, ͕7s ,7p ,7d͖, and ͕8s ,8p ,8d͖, respectively. A limited amount of core-core ͑c-c͒ correlation was then included by considering the CSFs obtained by allowing double excitations from the ͕3s ,3p͖ core shells to layer 1 ͑step 7͒ and to layers 1 and 2 ͑step 8͒. This set of CSFs was added to the set used in the step 7 MCDF calculation. The atomic state functions were then optimized in RCI calculations. It is of interest to note that the final values of the quadrupole moments and the hyperfine constants are not too different from the DHF values, except for A 5/2 , which is smaller in magnitude by a factor of 3.4. Table  IV . Similarly to the calculation for Ca + , five layers of virtual orbitals were optimized in a series of MCDHF-EOL calculations. Single and double excitations from the valence 4d and the ͕3d ,4s ,4p͖ core shells, with at most one core excitation, were included. The orbitals in layers 1-5 were ͕5s ,5p ,5d ,4f ,5g ,6h͖, ͕6s ,6p ,6d ,5f ,6g͖, ͕7s ,7p ,7d ,6f͖, ͕8s ,8p ,8d͖, and ͕9s ,9p ,9d͖, respectively.
Step 7 is an RCI calculation including the CSFs of step 6 and also those involving single excitations from the ͕3s ,3p͖ shells. This adds core-valence correlation not already included in the MCDHF calculations. Other RCI calculations including core-core correlation were made, allowing double excitations from the ͕3d ,4s ,4p͖ shells to layer 1 ͑step 8͒ and allowing double excitations from the ͕4s ,4p͖ shells to layers 1 and 2 ͑step 9͒, in addition to the step 6 CSFs.
Step 10 is an RCI calculation with a set of CSFs that is the union of the sets used for steps 8 and 9.
Step 11 uses the union of the sets of CSFs used for steps 7 and 10. Table  VI . Five layers of virtual orbitals were optimized in a series of MCDHF-EOL calculations. Single and double excitations from the valence 5d and the ͕4d ,5s ,5p͖ core shells, with at most one core excitation, were included. The orbitals in layers 1-5 were ͕6s ,6p ,6d ,4f ,5g ,6h͖, ͕7s ,7p ,7d ,5f ,6g͖, ͕8s ,8p ,8d ,6f͖, ͕9s ,9p ,9d͖, and ͕10s ,10p ,10d͖, respectively.
Step 7 is an RCI calculation including the CSFs of step 6 and also those involving single excitations from the ͕4s ,4p͖ shells ͑additional core-valence correlation͒. In step 8, core-valence correlation involving the ͕3s ,3p ,3d͖ shells is added in an RCI calculation. Other RCI calculations including core-core correlation were made, allowing double excitations from the ͕5s ,5p͖ shells to layer 1 ͑step 9͒ and to layers 1 and 2 ͑step 10͒, in addition to the step 6 CSFs. In step 11, double excitations from the ͕4d ,5s ,5p͖ shells to layer 1 were allowed, in addition to the step 6 CSFs.
Step 12 is an RCI calculation with a set of CSFs that is the union of the sets used for steps 10 and 11.
Step 13 is an RCI calculation that uses the union of the sets of CSFs used for steps 7, 10, and 11. In step 14, the ͕3s ,3p ,3d͖ core-valence contribution ͑taken as the difference between the results of step 8 and step 7͒ is added to the results of step 13. It was not feasible to include all of the CSFs of step 13 and step 8 in a single RCI calculation. Table VII compares the final results with experiment and with other calculations. The present results are generally in good agreement with other calculations and with the available experimental data, with the exception of A 5/2 . As with 87 Sr + , the correlation correction to A 5/2 is so large as to change its sign relative to the DHF value. The difference between the present calculation and the experimental value is 21.4 MHz, which is 31% of the total correlation correction. Table VIII . The electronic structures of the lowestenergy states of Yb + differ from those of Ba + in having fully filled 4f shells. Since the 4f electrons are easily excited, correlation effects are expected to be large. Five layers of virtual orbitals were optimized in a series of MCDHF-EOL calculations. Single and double excitations from the valence 5d and the ͕4f ,5s ,5p͖ core shells, with at most one core excitation, were included. The orbitals in layers 1-5 were ͕6s ,6p ,6d ,5f ,5g ,6h͖, ͕7s ,7p ,7d ,6f ,6g͖, ͕8s ,8p ,8d ,7f͖, ͕9s ,9p ,9d͖, and ͕10s ,10p ,10d͖, respectively.
Step 7 is an RCI calculation including the CSFs of step 6 and also those involving single excitations from the ͕4s ,4p ,4d͖ shells. In step 8, core-valence correlation involving the ͕3s ,3p ,3d͖ shells is added in an RCI calculation.
Step 9 is an RCI calculation allowing double excitations from the 4f shell to layer 1Ј ͑layer 1 without 6h͒, in addition to the step 6 CSFs. In step 10, double excitations from the ͕4f ,5s ,5p͖ shells to layer 1Ј were allowed, in addition to the step 6 CSFs.
Step 11 is an RCI calculation with a set of CSFs that is the union of the sets used for steps 7 and 10. In step 12, the ͕3s ,3p ,3d͖ core-valence contribution ͑taken as the difference between the results of step 8 and step 7͒ is added to the results of step 11. + is correct ͑unlike the cases for Sr + and Ba + ͒, but its magnitude differs from the calculated value by about a factor of 5. The difference between the present calculation and the experimental value is 51.1 MHz, which is 28% of the total correlation correction. The present calculation of ⌰ 3/2 agrees with the experimental value to within the experimental uncertainty of 5%. Table X . Hg + differs from the other ions considered here in having a more complex electronic configuration. This necessitated carefully limiting the CSF expansions to keep the total number of CSFs per J state below about 45 000. Four layers of virtual orbitals were optimized in a series of MCDHF-EOL calculations. Single and double excitations from the valence 6s and the ͕5s ,5p ,5d͖ core shells, with at most one core excitation, were included. The orbitals in layers 1-4 were ͕7s ,6p ,6d ,5f ,5g ,6h͖, ͕8s ,7p ,7d ,6f ,6g͖, ͕9s ,8p ,8d͖, and ͕10s ,9p͖, respectively. The change in the A and B factors upon adding layer 4 was on the order of 1%. The change in the quadrupole moments was less than 0.2%. In order to limit the numbers of CSFs, the orbitals of layer 4 were not used in the RCI calculations.
Steps 6-10 are RCI calculations including the CSFs of step 4 and also those involving single excitations from each of the 4f, 4d, 4p, 4s, and 3d core shells individually ͑addi-tional core-valence correlation͒. The core-valence contributions to the hyperfine constants are on the order of 1 to 2% per shell for the n = 4 shells, but less for the 3d shell. The corresponding contributions to the quadrupole moments are small, less than 0.2% per shell.
Step 11 is an RCI calculation allowing double ͑d͒ excitations from the ͕5d ,6s͖ shells to layer 1Ј ͕͑7s ,6p ,6d ,5f͖͒, in addition to the step 4 CSFs. In step 12, double and triple ͑dt͒ excitations from the ͕5d ,6s͖ shells to layer 1Ј were allowed, in addition to the step 4 CSFs. Significant changes in both the hyperfine constants and the quadrupole moments were noted in both step 11 and step 12.
Step 13 is an RCI calculation with a set of CSFs that is the union of the set used for step 12 and the set obtained by allowing double excitations from the ͕5s ,5p ,5d͖ shells to layer 1Ј. In step 14, the core-valence contributions from the ͕3d ,4s ,4p ,4d ,4f͖ shells calculated in separate RCI calculations ͑steps 6-10͒ are added to the results of step 13.
The validity of adding core-valence contributions from separate RCI calculations was verified by comparing the results for pairs of core shells considered together and separately. For example, the 4s core-valence RCI calculation ͑step 9͒ changes A 5/2 of 199 Hg + by +19.6 MHz compared to the step 4 MCDHF result. The 4p core-valence RCI calculation ͑step 8͒ changes it by +11.1 MHz. An RCI calculation in which the 4s and 4p core-valence contributions were both included resulted in a change of +31.1 MHz, compared to +30.7 MHz for the sum of the 4s and 4p contributions calculated separately. It was not feasible to include all of the core-valence contributions in a single RCI calculation. Brage et al. ͓51͔ were carried out by the MCDHF and RCI methods with a set of CSFs more limited than that for the present calculation. The experimental value for ⌰ 5/2 is 26% smaller in magnitude than the DHF value, so the correlation contribution to the quadrupole moment is greater than for the other ions studied here. The present result for ⌰ 5/2 disagrees with the experimental value by about 10.5%, which is about three times the experimental uncertainty. The disagreement is about 30% of the total correlation contribution.
F. Au
The results of the calculations for the 197 Au 5d 9 6s 2 2 D 3/2,5/2 states are given in Table XII . The steps in the 
IV. CONCLUSIONS
The main object of this study was to calculate the atomic quadrupole moments of the metastable 2 D 3/2,5/2 states of several ions and atoms to an uncertainty better than those of the simple estimates obtained from Hartree-Fock or DiracHartree-Fock calculations ͓e.g., Eqs. ͑2a͒ and ͑2b͔͒. This is apparently the first use of MCDHF and RCI methods for this purpose. For Ca + , Ba + , and Au, there are no experimental or other theoretical values for comparison. For ⌰ 5/2 of Sr + , the experimental determination has an uncertainty of 11.5%, so it does not provide a precise test of the calculation. However, a recent relativistic coupled-cluster calculation ͓26͔ agrees with the present calculation to within 4%. An experimental determination of ⌰ 3/2 of Yb + agrees with the present calculation to within the experimental uncertainty of 5%. The experimental determination of ⌰ 5/2 for Hg + differs from the present calculation by 10.5%. In summary, the method used in this work appears to be capable of calculating the atomic quadrupole moments to about 5% or better for configurations consisting of a single nd electron outside a set of closed shells, while the error appears to be about 10% for the more complex 5d 9 6s 2 2 D 3/2,5/2 states. The second object was to calculate the hyperfine constants of the same states. For most of the cases where there is experimental data, the agreement is within a few percent. For the B factors, some of the discrepancies may be due to errors in the nuclear quadrupole moments used. The exception to the generally good agreement is for the A factors of the 2 D 5/2 states of Sr + , Ba + , and Yb + , where the correlation contributions exceed 100% of the Dirac-Hartree-Fock values, leading to a change in sign of the constants, relative to the DHF values. The present calculations are in error by about 30% of the total correlation contribution. The source of the error is not understood. It may be related to limitations on the form of the CSFs included in the calculations or to the particular strategy used for the optimization of the orbitals. Apparently, many-body perturbation theory or coupled-cluster theory can give better results for the A factors of these states, although this has not yet been demonstrated for Yb + . The present methods give good results for the hyperfine constants of the 5d 9 6s 22 D 3/2,5/2 states of Hg + and Au. The A factors agree with experiment to about 3%. The B factors calculated for Au disagree by about 8%, but this may be due to an error in the currently accepted value of the nuclear quadrupole moment. The present calculations are the most accurate ab initio calculations for the hyperfine constants of these states. Apparently, many-body perturbation theory or coupled-cluster theory has not yet been applied to these systems. 
